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A Moored Instrument for Vertical Temperature Gradients 
JEROME P. DEAN 
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543 
Vector averaging current meters have been modified to measure the temperature gradient in addition to 
current and absolute temperature. The modified instrument measures the temperature difference between 
sensors spaced vertically 1.74 m apart (or closer ) using thermistors in a Wheatstone bridge circuit. 
Calibrations provide corrections for drift and static offset resulting in temperature gradient measurements 
accurate to about 0.5 m ~c;m. Originally developed to infer vertical velocities, the instrument has also 
been successfully used to study mixed layer motions and thickness variations and to investigate temper-
ature fine structure. 
INTRODUCTION 
In October and early November 1973, members of the 
Woods Hole Oceanographic Institution (WHO I) Buoy Group 
set a three-legged stable mooring west of Bermuda in the 
Sargasso Sea in an internal wave experiment (lwex) [Moller, 
1974; Briscoe, 1975]. The mooring supported a variety of 
scientific and engineering instruments including 17 vector av-
eraging current meters (VACM ). One purpose of the three-
dimensional moored array was to observe variations in the 
temperature field in the main thermocline; t,o supplement these 
observations, we developed a new ·instrument es~i~tlly to 
measure and record t~e temperature gradient. Data from these 
instruments and others on the mooring have been used to 
construct a three-dimensional time series of" water motion 
[Briscoe, 1975; MiiJ/er eta/., 1978]. · · 
Although the original motivation for the temperature gradi-
ent instrumentation was the estimation of vertical velocities, 
other uses are po!!sible. For example, Joyce and De,saubies 
( 1977] have shown that the temperature difference d~ta can be 
used to help discriminate between tem,perat11re fine structure 
and internal waves. · 
In 1977 the differential temperature VACM's (DT-
VACM's) were used to monitor the height of the deep ocean 
bottom mixed layer by detecting the abse~ce of temperature 
gradients and fine struct~re in the 'mixed layer. The time series 
of Figure I are from six DT-VACM's at 10-rn vertical spacing 
starting 15 rn off the bottom for an 8-day segment of a 3-
month experiment, WHOI moored station 621 (L. Arrni, per-
sonal communication, 1977). Presence of the mixed layer is 
characterized by periods of near-zero temperature difference, 
while at other times the records show a tluctuatihg signal 
produced by the fine structure and the larger temperature step 
which exists at the top of the mixed layer [Armi and Millard, 
1976]. Variations in the thickness of the deep mixed layer are 
clearly evident from these records. A similar mixed layer detec-
tion scheme with DT-VACM's was used in the Baltic Sea in 
1975 for near-surface measurements (W. Zenk, persdnal com-
munication, 1975). 
There have been other uses of the DT-VACM's which blend 
the vertical motion and fine structure detection capabilities of 
the instrument (WHOI moored station 615 (M. Briscoe, per-
sonal communication, 1978) and during the Joint Air-Sea 
Interaction Project (Pollard [1978]; see 'w' moorings, Figure 
4)). The purpose of this note is to make the DT-VACM and its 
capabilities known to other potential users. 
Copyright © 1979 by the American Geophysical Union. 
INSTRUMENT 
The VACM since 1972 has been used at the Woods Hole 
Oceanographic Institution to measure currents in the deep 
ocean. Having been designed with recording flexibility and 
space for additional circuitry, the VACM was therefore a 
convenient instrument to modify for measuring and recording 
the temperature gradient [McCullough, 1975]. 
To obtain highly accurate (0.5 m °C/m) data, a differential 
measurement over an appropriate spatial interval was made 
rather than subtracting two absolute temperatures. Thermis-
tors were chosen as the primary sensor for the measurement 
because of experience with these devices and the fact that by 
1973 techniques for accelerated aging and stability testing had 
been developed which effectively reduced the uncertainty due 
to thermistor drift to less than 0.1 m oc per month. 
External pressure housings or pods for the thermistors were 
attached to the VA CM with a vertical separation of 174 em 
(Figure 2); the pods can be moved closer together if desired . 
The thermistors are two legs of a Wheatstone bridge; the 
output is a function of the temperature difference between the 
sensors. This signal is amplified and converted to pulses which 
are stored in a counter and correspond to the temperature 
difference of the sensors over a range of ±500 m °C. 
CALIBRATIONS 
Each temperature sensor was stabilized by temperature cy-
cling and tested for stability by repeated calibrations at regular 
intervals. Those acceptable displayed small random variation 
in the calibrations with little tendency to drift. 
Matched sensor pairs with characteristic curves coincident 
within 10m °C over the range of0°-I5°C were selected. The 
absolute standard for the calibrations is a platinum thermome-
ter traceable to the National Bureau of Standards. Total sys-
tematic errors in this standard are estimated to be less than 2 m 
°C, and random errors in the calibrations are less than 2.5 m 
°C (2 sigma) (A. Bradshaw, personal communication, 1977). 
The sensor pods are immersed side by side in a well-mixed 
constant temperature bath and tested at three temperatures 
(5°, 10°, and I5°C) for systems tests before and after the field 
experiment. 
ERRORS AND CORRECTIONS 
For our purposes, drift is the difference in the before and 
after system calibrations, and bias is the difference between 
thermistor calibrations and the system calibrations. A bias 
correction is necessary because individual thermistor constants 
are used in the data reduction and calibration errors accumu-
late in the process; there are also small errors from the circui-
Paper number 9C0352. 
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F ig. I. T ime series of temperature differences from six DT-
VACM's at station 621. Note periods of near-zero gradient contrasted 
with fine structure signals as the q~pth of the mixed layer changes. 
Fig. 2. Modified VACM showing the thermistor pods at the two 
ends with vertical spacing of I. 74 m. 
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Fig. 3. Zero temperature d ifference cha racteristic curve fo r VAC M 
record 515-84 (I wex ). 
try. By making these two adjustments to the data we can get a 
precision in the difference measurement of about 0 .5 m °C. 
Figures 3 and 4 are zero temperature difference character-
istics of two representative sets of matched pairs used in lwex. 
Prelaunch and postrecovery calibration data from both indi-
vidual thermistor and system calibrations are shown. 
We estimate an uncertainty of 0.2 m °C for the zero differ-
ence bath calibrations based on repeated calibrations and data 
from one in strument which was tested at all test positions. 
The spectrum of noise data taken during laboratory calibra-
tions in the constant temperature bath appears white at an 
average energy level of 10-7 °C/cph. The spectrum of a quiet 
period in the deep mixed layer has an average energy level of 
IQ-IO °C/cph and is an indication that the bath noise is ther-
mal and not instrumental. The lab tests also demonstrated the 
stability of the calibration bath, since the absolute tempera ture 
.005 
COMPUTED FROM INDIVIDUAL THERMISTOR CALIBR ATIONS-
SYSTEM CALIBRATION MEASUREMENTS 
!:>. 9 OCT. 1973 · · · • 
0 28 DEC . \973---




-.00\4':--~6:---~8---\0':----':12:----:1.L.4 __ ...J16 
TEMPERATURE (•c; 
Fig. 4. Zero temperature difference characteristic curve for VACM 
record 515-C IO (Iwex). 
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measuring circuit, averaged over 225 s, recorded the bath tem-
perature stable to within ± 1 data count, or 0.16 m °C. This 
system bath ca libration also makes possible a bias correction 
in the absol ute temperature measurement. With this correction 
the absol ute accuracy is estimated to be about 3 m oc with an 
additional 2 m oc uncertainty in ou r standard (total system-
a tic erro r). This result indicates that the errors in summing two 
absolute temperatures for the gradient could have been as 
much as an order of magni tude higher than those we get with 
the differential measu rement. 
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